To investigate the effect of a restricted intravenous fluid regimen versus a standard regimen on complications after colorectal resection. Summary Background Data: Current fluid administration in major surgery causes a weight increase of 3-6 kg. Complications after colorectal surgery are reported in up to 68% of patients. Associations between postoperative weight gain and poor survival as well as fluid overload and complications have been shown. Methods: We did a randomized observer-blinded multicenter trial. After informed consent was obtained, 172 patients were allocated to either a restricted or a standard intraoperative and postoperative intravenous fluid regimen. The restricted regimen aimed at maintaining preoperative body weight; the standard regimen resembled everyday practice. The primary outcome measures were complications; the secondary measures were death and adverse effects. Results: The restricted intravenous fluid regimen significantly reduced postoperative complications both by intention-to-treat (33% versus 51%, P ϭ 0.013) and per-protocol (30% versus 56%, P ϭ 0.003) analyses. The numbers of both cardiopulmonary (7% versus 24%, P ϭ 0.007) and tissue-healing complications (16% versus 31%, P ϭ 0.04) were significantly reduced. No patients died in the restricted group compared with 4 deaths in the standard group (0% versus 4.7%, P ϭ 0.12). No harmful adverse effects were observed. Conclusion: The restricted perioperative intravenous fluid regimen aiming at unchanged body weight reduces complications after elective colorectal resection. (Ann Surg 2003;238: 641-648) L ittle is known about the influence of perioperatively administered intravenous fluid volume on the outcome of surgery. We found 5 randomized trials evaluating effects of intraoperative fluid volume on recovery time and well-being after outpatient surgery, 1-5 and 4 randomized trials showing oral postoperative hydration to be safe. 6 -9 No trials were designed to evaluate the effects of the combined intraoperative and postoperative intravenous fluid volume on surgical complications or death. Current fluid therapy in major sur-
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Conclusion:
The restricted perioperative intravenous fluid regimen aiming at unchanged body weight reduces complications after elective colorectal resection. 
L
ittle is known about the influence of perioperatively administered intravenous fluid volume on the outcome of surgery. We found 5 randomized trials evaluating effects of intraoperative fluid volume on recovery time and well-being after outpatient surgery, [1] [2] [3] [4] [5] and 4 randomized trials showing oral postoperative hydration to be safe. 6 -9 No trials were designed to evaluate the effects of the combined intraoperative and postoperative intravenous fluid volume on surgical complications or death. Current fluid therapy in major sur-gery causes a weight increase of 3-6 kg. 10 -12 Intravenous fluid overload during or after surgery has been shown to decrease muscular oxygen tension 13 and delay recovery of gastrointestinal function. 10 Furthermore, postoperative weight gain and intraoperative fluid overload have been associated with poor survival 14 and complications. 15, 16 We hypothesized that fluid overload may cause general edema, impeding tissue healing and cardiopulmonary function.
The aim of this study was to compare the effect of a restricted perioperative intravenous fluid regimen to a standard regimen on complications after colorectal resection.
MATERIALS AND METHODS
We conducted a randomized, observer-blinded clinical trial at 8 Danish hospitals.
Patients
Adult patients admitted for elective colorectal resection were considered eligible if they had no life-threatening systemic diseases (ASA groups 1-3) and did not meet the following exclusion criteria: pregnancy, lactation, mental disorders, language problems, alcohol consumption of more than 35 drinks/wk, diabetes mellitus, renal insufficiency, disseminated cancer, secondary cancers, inflammatory bowel disease, or diseases hindering epidural analgesia. The presence of both the investigating anesthesiologist and surgeon was mandatory for inclusion, and patients were not screened for eligibility in periods of absence of either one of them. A minimum of 16 patients was required from each center. After giving both oral and written consent, patients were randomized preoperatively to either a restricted (R) or a standard (S) perioperative intravenous fluid regimen. A computer generated the randomization sequence into blocks of 4, and persons otherwise not involved prepared sealed, opaque, consecutively numbered envelopes for each center. The randomization was stratified for colon/rectum surgery and for the centers. The coordinating investigator controlled the randomization sequence at all centers after completion of the study. Two errors were identified. Due to miscommunication between the investigators, 2 patients were allocated the same number; 1 was excluded due to disseminated cancer, and 1 completed the trial. Both are included in the analysis. At another center, an envelope was overlooked and the following assigned. The seal was unbroken and deliberate act was not suspected. No other violations were observed.
One hundred seventy-two patients were enrolled from November 1999 to August 2001, 86 allocated to each regimen. However, 1 center ended participation after inclusion of 4 patients. An additional 25 patients were excluded because colorectal resection was not performed (n ϭ 7), surgery was not radical (n ϭ 6), epidural catheter could not be placed (n ϭ 4), diabetes was newly discovered (n ϭ 2), alcohol abuse was admitted (n ϭ 3), or the investigating anesthesiologist was unavoidably detained from attending the operation (n ϭ 3). One patient was excluded because a hospital fire the night before surgery made special anesthesia necessary; and 1 patient withdrew from data collection. A total of 141 patients completed the trial, 69 in the R-group and 72 in the S-group. No patients were excluded due to deviations from the planned fluid therapy.
Before the trial, we estimated that a sample of 140 patients completing the trial was required to detect a reduction in complication frequency of 20%, with 80% power at a significance level of 0.05. An interim analysis performed after inclusion of 48 patients confirmed the safety of the R-regimen and the planned number. Inclusion was planned to stop after completion of 140 patients. No other analyses were performed during patient inclusion.
Intraoperative fluid regimens are shown in Table 1 . In the S-regimen, 500 mL of Hydroxyethyl starch 6% in normal saline (HAES) preloaded the epidural analgesia, and saline 0.9% replaced loss to third space. These replacements were omitted in the R-regimen. External losses were replaced in 500 mL of glucose 5% in water less oral fluid intake during fast. 500 mL of normal saline 0.9% independent of oral intake.
Blood loss Volume-to-volume with HAES 6% with allowance for max. 500 mL extra.
Loss up to 500 mL: 1000-1500 mL of normal saline; Loss Ͼ500 mL, additional HAES 6%. Blood component therapy started at approximate loss Ͼ1500 mL dependent on hematocrit.
Blood component therapy started at approximate loss Ͼ1500 mL dependant on hematocrit.
*Hydroxyethyl starch 6% in normal saline.
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both regimens. Operative blood loss was estimated by weighing sponges and measuring the volume collected in suction bottles and drains. In the R-regimen, HAES 6% replaced lost blood on a volume-to-volume basis with an allowance of 500 mL extra. In the S-regimen, 1000 -1500 mL of saline 0.9% replaced lost blood up to 500 mL, and HAES 6% replaced additional loss. In both regimens, blood component therapy began when estimated blood loss approximated 1500 mL. The goal was a hematocrit of 25-35%, highest if cardiovascular disease was present. If colloid was needed but the maximum recommended dose of HAES had been reached (33 mL/kg/d), albumin 5% was administered. Diuresis was not replaced.
Postoperative Fluid Regimens
In the R-regimen, 1000 mL of glucose 5% (with potassium if needed) was planned for the rest of the day of operation, and loss through drains was replaced volume-tovolume with HAES 6%. Department routine, typically recommending 1000 -2000 mL of crystalloid, was followed in the S-regimen. In the surgical ward, fluid therapy in the R-group was guided by body weight changes employing the following principles: oral intake was preferred, if inadequate, intravenous fluids were administered. A weight increase exceeding 1 kg was treated with furosemide. However, in cases of prolonged intestinal paralysis, an estimation of accumulated fluid was considered when prescribing intravenous fluids or diuretics. The recommendations from the surgical department guided fluid therapy in the S-group.
Problem Solving
Ephedrine and/or dopamine were administered in both groups to achieve a mean arterial blood pressure above 60 mm Hg during operation. Cases of postoperative hypotension or low urinary output (Ͻ0.5 mL/kg/h) were always examined and the cause treated. Bleeding initiated administration of intravenous fluids as previously described. Other external losses (aspiration, vomitus, diarrhea, etc.) were replaced with appropriate intravenous fluids in both regimens. Hypotension or low diuresis without loss of volume could initiate several actions: adjustment of epidural analgesic dose, adjustment of habitual antihypertensive medication, administration of pressor substances, and/or administration of intravenous fluids. If reoperation or intensive care was necessary, allocation was disregarded and treatment followed the routine of the department.
Standardization of Treatment
All patients were allowed to drink clear fluids until 2 hours before surgery. Combined thoracic epidural and general anesthesia were employed. The epidural catheter was tested, and analgesia was maintained with bupivacaine and morphine following the routine of the centers. General anesthesia was induced by thiopental (propofol in 7 cases), fentanyl and rocuronium (cisatracurium in 21 cases), and maintained with additional sevoflurane. Antibiotic-and antithrombotic prophylaxes were administered according to department routine. A nasoduodenal or nasojejunal feeding tube was placed before closure of the abdomen, and feeding commenced 4 hours postoperatively: 500 mL Nutriconcentrated 75 (Nutricia, the Netherlands) on the day of operation and 1000 mL daily on the subsequent 3 days. All patients were additionally encouraged to eat and drink from 4 hours after surgery. Continuous epidural analgesia with a mixture of bupivacaine (2.5 mg/ml) and morphine (50 g/ml) in adequate dose were used for postoperative pain treatment, supplemented with paracetamol, nonsteroidal antiinflammatory drugs, or systemic morphine if needed.
Data Collection and Outcome Measures
Fluid loss and administration were registered from the beginning of fasting to the sixth postoperative day. The patients were weighed on admission, on the morning of operation, and every morning on the subsequent 6 days. Physiological changes were monitored both intraoperatively and postoperatively, arterial blood was sampled by protocol and by demand, and venous blood was sampled daily until discharge or the sixth postoperative day. The primary outcome was complications registered 30 days postsurgery. The secondary outcomes were death and adverse effects, including impairment of renal function and postoperative hypotensive episodes. The investigating surgeon from each center registered outcomes unblinded (clinically). Four participating surgeons performed an additional blinded assessment. Medical records censured for information on patients' identification, allocation group, fluid therapy, and weight were evaluated for complications and adverse effects. Three assessors evaluated two thirds of the records, ensuring double evaluation of all patients, but precluding evaluation of patients known to the assessor. A fourth blinded assessor settled cases of disagreement.
Statistical Analyses
All randomized patients were analyzed by intention-totreat, and patients completing the trial were analyzed perprotocol. Complications were compared by the 2 test, but mortality was compared by the Fisher exact test because of the few observed cases. Risk was calculated as absolute risk reduction and number needed to treat. Dose-response correlation was analyzed by the 2 test for trend. Continuous data were analyzed by the Student t test of independent samples or the Mann-Whitney U test depending on the presence of normality. P Ͻ 0.05 were accepted as significant. All Pvalues reported are two-tailed. SPSS 10.0 software was used for analyses.
Ethics
The Scientific Ethics Committee of Copenhagen and Frederiksberg County and the committees representing the 
RESULTS
The clinical characteristics of the patients, level of anastomoses, blood loss, etc. are shown in Table 2 . Fluid administration and weight changes are shown in Figure 1 . Administered intravenous fluid volume on the day of operation was significantly less in the R-group (R versus S: median, 2740 mL [range, 1100 -8050] versus 5388 mL [range, 2700 -11083]; P Ͻ 0.0005). This was due to administration of less saline 0.9%, more glucose 5% in water, but similar volumes of HAES 6%. Antibiotics were dissolved in saline and included in the saline volume. A difference in administered intravenous fluid volume was also seen on the first postoperative day (R versus S: median: 500 mL [range, 0 -5000] versus 1500 mL [range, 0 -6000], P ϭ 0.003). The body weight of the patients in the S-group was significantly increased from the day of operation to end of measurement 6 days later. Deviations from the planned fluid regimens on the day of operation were observed: 15% of patients in the R-group received more fluid, while 24% of patients in the S-group received less fluid than planned by protocol.
Outcome
The median follow-up time was 34 days. The number of patients with postoperative complications was significantly reduced in the R-group compared with the S-group. Intention-to-treat analyses showed 28 patients (33%) with complications in the R-group versus 44 (51%) in the S-group (P ϭ 0.013) with blinded assessment. When assessed unblinded, the corresponding numbers were 27 (31%) versus 47 (55%) (P ϭ 0.002). Results of the per-protocol analyses are shown in Table 3 . Calculated from the result of the blinded assess- ment, the number of patients needed to treat (NNT) to avoid a complication was 4 for overall complications, 7 for major complications, 4 for minor complications, 7 for tissue-healing complications, and 6 for cardiopulmonary complications. Requirements for acceptance of complications and all complications registered by the blinded assessment are shown in Table 4 . Patients with complications had an average of 1.2 complications in the R-group versus 2.1 in the S-group (P ϭ 0.032).
A dose-response relation between complications and increasing volumes of intravenous fluid (P Ͻ 0.001) as well as increasing body weight (P Ͻ 0.001) on the day of operation was found independent of allocation group (Fig. 2) .
Four patients (4.7%) died in the S-group, but no deaths occurred in the R-group (P ϭ 0.12; absolute risk reduction, 5.6% [95% CI, 0.3-10.9%]). The causes of death were pulmonary edema (two cases), pneumonia with septicemia, and pulmonary embolism.
The number of patients with a postoperative hypotensive episode was similar in the 2 groups (R versus S: 28% versus 22%, P ϭ 0.465). More patients in the R-group had low urinary output (Ͻ0.5 mL/kg/h) with smaller urinary volumes the day of operation (12% versus 3%, P ϭ 0. 
DISCUSSION
Arterial blood pressure decreases after induction of epidural analgesia. Volume preloading is expected to counteract this, but the effectiveness is not convincing. 18, 19 Loss to third space is usually replaced according to algorithms. 20, 21 However, clinical randomized trials have not been performed to investigate possible effects of replacement of these internal losses on outcome. The results of our trial show that omission of these fluid replacements substantially reduced complica-FIGURE 1. Administered fluid and body weight changes. R marks the restricted group and S the standard group. Fluids are presented as summation of means. * P Ͻ 0.001.
† P Ͻ 0.01. ‡ "Other or unspecified" represents blood, albumin, and/or fresh frozen plasma on the day of operation. Type of intravenous fluids was not specified on postoperative day 1 to 6. Weight changes are compared with the weight the morning of operation. n ϭ 69 in restricted group and n ϭ 72 in standard group. † Number of patients in subgroups does not add up to number of overall complications because some patients had more than 1 complication.
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tions after elective colorectal surgery. Associations between pulmonary congestion and fluid overload have been reported, but a causal relationship has not been previously shown. The reduction of cardiopulmonary complications in the restricted group was pronounced. Subclinical edema in lungs and other tissues may cause decreased tissue oxygenation, 13 and may explain our finding of significantly more tissue-healing complications in the standard group. The dose-response correlation between complications and intravenous fluid overload supports this. Being the first trial addressing this problem, all complications were registered to avoid overlooking adverse effects and to generate new hypotheses if unexpected findings appeared, ie, relations have been reported between fluid overload and thrombosis 22 and prolongation of intestinal paralysis. 10 A reduction in fluid volume was not the only difference between the 2 study groups. Patients in the standard group received more intravenous sodium and chloride (mean, 489 mmol), but less glucose (mean, 41 g) the day of operation compared with the restricted group. New trials are needed to determine any possible importance of this. The complication frequency of our material may appear high, but complication frequencies have been reported as high as 68%. 23 Comparing studies implies several difficulties. 24 Low incidence of anastomotic leakage is regarded as an indicator for good surgical technique and is reported in 3-23% of anastomoses in nonrandomized studies [25] [26] [27] and 2.3-12% in patients undergoing elective colorectal surgery in randomized clinical trials. 28 -30 Lowest frequencies are reported in the trials with few (19%) 29 or no rectal anastomoses. 25 In our trial, 47% of the patients had rectal surgery and the median age of the patients was 66 years, with preoperative comorbidity in 52%. We had an overall leakage of 4.5%, with 1 (1.5%) leakage of colon anastomosis and 4 (9%) leaks of rectal anastomoses.
No patients in the restricted regimen died. The 4 deaths in the standard group were all caused by cardiopulmonary complications. It is important to stress that mortality outcomes must be interpreted with caution in a study including only 172 patients. The finding is, however, supported by the recent Cochrane review 31 analyzing the effects of fluid optimization techniques in orthopedic surgery. It was concluded that invasive intraoperative optimization regimens caused increased administration of fluid with a possible increased risk of death. The 4 deaths in our trial occurred at 4 different centers. This reflects our impression of the positive results being generally observed uniformly across the centers. The similar number of patients with postoperative hypotensive episodes was unexpected and suggests an inefficiency of intravenous fluids to prevent hypotension caused by epidural analgesia. The present trial has strengths and weaknesses.
The strengths are that we used adequate methods for generation of allocation sequence and concealment. Furthermore, we employed blinded assessment of outcome measures. A double-blinded design of the study was considered, but it was rejected because of the individual adjustment of fluid therapy. The practical and ethical problems in handling patients undergoing major surgery without knowledge of the fluid administered were considered as well. The trial may also have weaknesses. First, the patient sample was not fully consecutive, as the presence of both the anesthesiologist and the surgeon was mandatory for inclusion; second, we encountered 2 violations of the randomization sequence; third, the number of patients was relatively small, and small samples may give rise to unequal distribution of important prognostic factors. In accordance, the number of patients currently smoking and the level of colonic anastomoses both favored the restricted group. We cannot rule out that these factors may have had a beneficial influence. However, the different level of colonic anastomoses may influence the risk of leakage but probably not other complications. Excluding anastomotic leakage from analysis does not change the result. The observed tendency toward intravenous fluid restriction even in the standard group was most likely an effect of the restricted regimen. Additional intravenous fluid to the restricted group may have treated hypotension or reflected accidental standard treatment. The result of these deviations was less difference between treatment groups and should cause less difference in outcome. Nevertheless, we were able to demonstrate a clear difference in postoperative morbidity.
We conclude that perioperative intravenous fluid therapy aiming at unchanged body weight reduces complications after elective colorectal surgery. 
